To develop new strategies for identifying atopic dermatitis patients, a better understanding of the signs for chronic inflammatory status is needed. This study was designed to investigate whether neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) are related to the severity of atopic dermatitis (AD) assessed by the Scoring Atopic Dermatitis (SCORAD) index.
Background
Atopic dermatitis (AD) (also known as atopic eczema) is a chronic inflammatory skin disease with specific immune and inflammatory mechanisms. Although it most often starts in infancy and affects about 20% of children, AD is also highly prevalent in adults [1] . No specific laboratory or histological findings have been reported, so the diagnosis relies exclusively on sets of criteria [2] that require information obtained from patient history and physical examination. The relationship between AD and systemic inflammation has been reported in several studies [3] [4] [5] [6] . Many different markers of inflammation have been used to assess inflammatory status in atopic dermatitis and to reflect disease activity, such as eosinophil counts or serum immunoglobulin E (IgE) levels [7] [8] [9] [10] .
The neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and similar parameters (e.g., red blood cell distribution width [RDW] and mean platelet volume [MPV] ), which can be easily calculated using peripheral blood, have been examined as a new expression of the inflammatory biomarkers in many diseases [11] [12] [13] [14] [15] [16] . Similarly, recent studies have shown that these elevated levels of systemic inflammatory markers (NLR, PLR, RDW, and MPV) are associated with severity of many diseases, such as cancer, psoriasis, systemic lupus erythematosus, and acne vulgaris [15, [17] [18] [19] [20] . Similar parameters, such as metastatic lymph node ratios, are new and emerging parameters for various cancers [21, 22] .
Nevertheless, to the best of our knowledge, only a limited number of studies have investigated NLR and PLR values in patients with atopic diseases (such as asthma and allergic rhinitis) [23, 24] . The NLR and PLR have not yet been elucidated in patients with atopic dermatitis, not even the relationship between NLR, PLR levels, and severity in patients with AD. Therefore, we aimed to determine if NLR and PLR were related to the severity of AD.
Material and Methods

Study population
This retrospective study was performed at the First Hospital of Jilin University between January 2009 and April 2016. A total of 109 patients with atopic dermatitis were included. Patients with other chronic inflammatory diseases such as inflammatory bowel diseases, cardiovascular disorders, overt infections, hematological diseases, chronic liver or kidney diseases, and autoimmune disorders were excluded from the analysis. After exclusion, 80 patients were included in the final analysis. For comparison, 45 age-and sex-matched healthy controls were used. The study was conducted in accordance with the Declaration of Helsinki and was approved by the First Hospital of Jilin University Ethics Committee.
Clinical and laboratory assessments
Demographic information and laboratory data were collected and documented on a form by a clinician who was blinded to prevent bias.
Age, sex, white blood cell (WBC) count, neutrophils/lymphocytes ratio (NLR), neutrophil count, lymphocyte count, eosinophil count, platelet count (PLT), platelet-to-lymphocyte ratio (PLR), red blood cell distribution width (RDW), mean platelet volume (MPV), red blood cell distribution width-to-platelet ratio (RPR), high sensitive C reactive protein (hs-CRP), erythrocyte sedimentation rate (ESR), the total serum immunoglobulin E (IgE) levels, and Scoring Atopic Dermatitis Index (SCORAD) of the patients were recorded on admission. Disease severity was classified into 3 categories (below 24 as mild, between 25 and 50 as moderate, and above 51 as severe), according to the assessment at the patient's last visit.
Statistical analysis
Continuous data are presented as mean ± standard deviation. Differences in the continuous variables between groups were determined by t test or the Mann-Whitney U test, as appropriate. Patient groups established according to SCORAD score were compared with one-way analysis of variance for multiple comparisons. When a significant difference between the 3 groups was observed, the Mann-Whitney U test was used for the determination of difference between pairs. The correlations between SCORAD and other parameters were evaluated with Pearson's correlation test. Furthermore, the area under the receiver-operating characteristic curve (AUROC) was assessed to determine the sensitivity and specificity of NLR, eosinophils, and PLR in predicting a high SCORAD score. All statistical analyses were performed using SPSS 17.0 (SPSS Inc., Chicago, IL) and statistical significance was defined as a p value <0.05.
Results
Demographic, clinical characteristics and laboratory results of the study population are summarized in Table 1 . Our study included 80 mild-to-severe atopic dermatitis patients (51 males, 29 females) and 45 healthy controls (28 males, 17 females). The mean ages of AD patients and controls were 7.3±3.5 and 6.8±2.7 years, respectively. There was no difference between the groups with regard to sex or age. We found that the patients with atopic dermatitis had significantly higher white blood cell counts, neutrophil counts, lymphocyte counts, NLR, eosinophil counts, and PLT than the healthy controls (Table 1) , but there were no statistically significant differences between PLR, RDW, MPV, and RPR of patients and controls. Table 2 provides the laboratory data and the differences among the 3 groups in each of the clinical measurements. In our study, 24 patients (30.0%) had mild atopic dermatitis, 30 (37.5%) had moderate atopic dermatitis, and 26 (32.5%) had severe AD. Neutrophil counts (p<0.01), lymphocyte counts (p<0.01), NLR (p<0.01), PLR (p<0.01), and ESR (p<0.05) according to SCORAD score subgroups were significantly different. Furthermore, NLR (p<0.01) and PLR (p<0.01) increased with SCORAD score as compared to eosinophils (Table 2, Figure 1 ).
Interestingly, for NLR, PLR, and eosinophils levels, each was found to be positively correlated with the other two (p<0.01) (Figure 2 ). Diagnostic accuracy of NLR, PLR, and eosinophils levels in relation to high SCORAD score (³51) is depicted in Figure 3 . The sensitivity and specificity of eosinophils were 78.9% and 62.1%, respectively, and the AUROC was 0.685 (p=0.032) ( Table 3 ). The sensitivity and specificity of PLR were 63.2% and 75.9%, respectively, and the AUROC value was 0.679 (p=0.038). Nevertheless, an NLR level of 1.75 was determined as the predictive cut-off value of severe AD (sensitivity 94.7%, specificity 58.6%, AUROC 0.778) (p=0.001). Compared with preexisting indicators, NLR yielded a higher AUROC than eosinophil counts (0.685; P=0.032) in predicting high SCORAD.
Discussion
Atopic dermatitis is a chronic and recurring allergic inflammatory skin disease frequently associated with peripheral eosinophilia [6, 8, 25, 26] . In this study, we investigated whether NLR and PLR were associated with the severity of childhood AD.
Uniformity and specificity are important when diagnosing AD, especially when doing clinical studies, otherwise risking misclassification. However, uniformity in the utilization of diagnostic criteria for AD, as well as validation, is lacking. To date, no study has determined whether quantification of eosinophils can truly serve as a criterion standard metric. Eosinophilia (i.e., more than 500 eosinophils per microliter of blood) has long been shown to be present in most patients with AD and is correlated with the disease activity [7, 10, 27, 28] , and has even served WBC -white blood cell; NLR -neutrophils to lymphocytes ratio; PLT -platelet; PLR -platelet to lymphocyte ratio; RDW -red blood cell distribution width; MPV -mean platelet volume; RPR -red blood cell distribution width to platelet ratio; hs-CRP -high sensitive C reactive protein; ESR -erythrocyte sedimentation rate; SCORAD -Scoring Atopic Dermatitis Index.
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Indexed Table 2 . Laboratory results of patients according to SCORAD.
WBC -white blood cell; NLR -neutrophils to lymphocytes ratio; PLT -platelet; PLR -platelet to lymphocyte ratio; RDW -red blood cell distribution width; MPV -mean platelet volume; RPR -red blood cell distribution width to platelet ratio; hs-CRP -high sensitive C reactive protein; ESR -erythrocyte sedimentation rate; SCORAD -Scoring Atopic Dermatitis Index. as a diagnostic parameter in differentiating allergic (extrinsic) AD from non-allergic (intrinsic) AD [10] . Our results correspond well with those of earlier studies noting that peripheral blood eosinophilia could be used as a diagnostic tool in recognizing atopic dermatitis [2, 10, 26, 29] . However, we found that blood eosinophil count was not well correlated with disease activity, which differs from previous reports [9, 28, 30] . A possible explanation for this discrepancy is the that constituent ratio of the 3 subgroups of severity of AD has been changed through the exclusion criteria, and thus, as a retrospective study with a small number of patients, not all variable confounding factors could be included in statistical analysis.
Previous studies have revealed that AD is often associated with the later development of asthma, allergic sensitization, and allergic rhinitis, also known as "the atopic march" [31, 32] , but recent evidence has demonstrated that the development of a particular allergic disease does not necessarily follow the classical paradigm of the atopic march [33] . Moreover, the correlations seem to be much more complicated than that of one condition progressing into another [34] [35] [36] . Additionally, the severity of AD as evaluated with the SCORAD index is concomitant with the occurrence of asthma or allergic rhinitis [37] . In fact, an association between increased NLR, chronic systemic inflammation, and risk for asthma, allergic rhinitis, or even gastrointestinal diseases has been reported in the literature [21, 23, 24, 38] . Furthermore, elevated NLR is associated with the severity of allergic rhinitis in children, which indicates that NLR can be used as an indicator of inflammation in allergic rhinitis [23] . Therefore, we speculate that uncontrolled inflammation, as is seen in AD, may cause an increase in NLR.
Although genetic factors play an important role in AD, the pathogenesis is attributable to specific immune and inflammatory mechanisms. Currently, NLR, as a widely available, inexpensive, easily derived, and reproducible laboratory marker, is used to quantify systemic inflammation. There are also reports of a positive correlation between the NLR and commonly used inflammatory markers [16, 17] . We detected a positive correlation between NLR and absolute eosinophil counts, which are used as surrogate markers of disease activity, as in asthma, atopic dermatitis, allergic rhinitis, and conjunctivitis [39] . Unlike novel inflammatory biomarkers, the NLR is costeffective and readily available, and it provides additional risk Table 3 . Diagnostic accuracy of different formulate with regard to high SCORAD score.
NLR -neutrophils to lymphocytes ratio; PLR -platelet to lymphocyte ratio; SCORAD -Scoring Atopic Dermatitis Index; AUROC -the area under the receiver-operating characteristic curve. It is known that AD is generally more common in females [40] . However, recent studies have revealed a male predominance at younger ages [8, 41] . In the present study, the sex ratio was 1.76: 1, with a male predominance, which was higher than in a previous report in which 68% of the study participants were male (sex ratio 1.5: 1) [8] . This is probably attributable to the high proportion of younger children.
The present study had several potential limitations. First, the sample size was relatively small and all the subjects were from the same center. Second, this study was designed as a retrospective study lacking longitudinal observation. Third, we did not collect enough results of skin prick tests or allergen-specific IgE, so we were unable to divide AD into extrinsic type and the intrinsic type according to the serum IgE levels and the presence or absence of allergen-specific IgE [42] . Finally, due to insufficient data, we did not explore the influence of treatment on NLR or PLR.
Despite these limitations, we still found some meaningful correlations of NLR and PLR with inflammatory markers and severity in AD patients. In our study, we reached 3 main conclusions.
First, NLR and PLR were increased in patients with atopic dermatitis compared with the control group. Second, elevated NLR and PLR levels were linked to increasing SCORAD, which proves they can reflect inflammatory response and disease severity in AD patients. Finally, NLR yielded a higher AUROC than peripheral blood eosinophil counts, while predicting high SCORAD. Even so, it should be kept in mind that NLR alone, without other variables, may not provide exact predictive information about disease severity in children with AD. We conclude that NLR should be evaluated with other conditions as mentioned above.
Conclusions
To the best of our knowledge, this is the first study to show positive correlations between NLR, PLR, and the severity of AD evaluated by using the SCORAD index. Our study shows that NLR, which is easily calculated using the differential WBC count, can be used as an indicator of the clinical severity of AD as recorded by the SCORAD index. Further prospective studies with larger cohorts are necessary to assess this issue.
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